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果，用 Octet 测定其亲和力为 1.55×10-8M。 
本实验是在人源化抗体 37hAb 的基础上，利用噬菌体展示技术对其进行亲和
力成熟的改造。首先用 CDR 替换的方法找出抗原抗体结合的关键 CDR 区域，即
通过在 NCBI 的蛋白数据库中找到与 37hAb 的 VH 和 VK 同源性最高的 3 种人源
抗体序列，用人源抗体的 CDR 区替换 37hAb 中对应的 CDR 区，检测替换了 CDR
区的抗体活性，实验结果确定 37hAb的关键CDR区为HCDR2、HCDR3和LCDR3。 
然后将上述 3 个关键 CDR 区中所有氨基酸残基进行单点随机突变，噬菌体
展示 ScFv 并检测其活性，结果显示 HCDR2 有 10 个为保守位点，7 个可变位点，
其中有两个是高度可变的，5 个为有限可变位点；HCDR3 有 9 个保守位点，5
个可变位点，其中 3 个是高度可变位点，2 个为有限可变位点；LCDR3 有 2 个
可变位点，其中 1 个为有限可变位点 1 个为高度可变位点。 
再根据上面得到的氨基酸变化规律，在 37hAb 的基础上，构建 2 个亲和力成





选择 10 种结合能力高的噬菌体抗体，抗体基因克隆至真核表达载体，将 10
种抗体的重链和轻链随机组合后，转染 CHO 悬浮细胞。用真核表达的亲和力成
熟抗体对 14 株不同 clade 的 H5N1 病毒株进行广谱 HI 试验，用 Octet 蛋白相互
工作站测定亲和力常数，最终得到 S4-134 为活性最好的抗体。S4-134 对
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37hAb 高 4 倍，对 DK/Indonesia/MS/04 病毒株的 HI 滴度比 37hAb 高 8 倍。S4-134
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Abstract 
In previous work, a broad-spectrum neutralizing monoclonal antibody(13D4mAb) 
against H5N1 was discovered in our lab.  Then, we constructed a human-mouse 
chimerical antibody  and several humanized antibodies. The 13D4cAb and 
humanized antibodies both showed the same results as 13D4mAb in hemagglutinin 
inhibition (HI) test, neutralizing experiment and mice protection experiment, retaining 
the broad-spectrum neutralizing activity of the 13D4mAb. The 37hAb was the best 
antibody in mice protection experiment, whose affinity is 1.55×10
-8
M determined by 
Octet. 
In this thesis, affinity maturation was executed to the humanized antibody 37hAb 
through phage display technology. First, we use CDR substitution to find key CDRs 
which are involved in antigen-antibody reaction. The VH and VK sequences of 37hAb 
were used to align in PDB in NCBI to find 3 human antibody sequences which 
showed the highest homology with the VH and VK of 37hAb separatly. After that the 
CDR substituted antibodies were determined. Through this work, HCDR2, HCDR3 
and LCDR3 were conformed to be the key CDRs of 37hAb. 
Second, each of the residue in the three key CDRs was randomized, using the 
phage to display the mutanted ScFv, and then determined the activity of the 
phage-ScFv. The results showed that in HCDR2 there were ten conserved residues 
and seven viarable residues among which two were hyper-viarable and five limited 
viarable residues; In HCDR3, nine conserved residues and five viarable residues(three 
hyper-viarable, two limited varable); In LCDR3, one hyper-viarable residue and one 
limited varable. 
According to the changing regularity of every amino acid, two primary libraries 
were constructed for affinity maturation on base of the 37hAb. The two primary 
libraries were HCDR2 and HLCDR3.The HCDR2 library had about 1.5×10
7
 
individials, the HLCDR3 library had about 1×10
8
 individials. The two libraries were 
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selection we coulde get some sequences of affinity matured antibodies. Then a 
secodary library were constructed according to the sequences reslut from two primary 
libraries, the secondary library 37HK had 1.2×10
8
 individials. 37HK is subjected to 
four rounds of selection on HA0 in solid phase, with the strengening strategy by 
decreasing concertation of coated HA0 and increasing strength of panning. After 
selections we get several phage-ScFvs which had better binding activity than 37hAb. 
 Ten Phage-ScFvs with better binding activity were chosen for eukaryotic 
expression, the genes of these ScFvs were cloned into the vector of eukaryotic 
expression. The heavy chain and light chain of these ScFv were combined randomly, 
and transfected into CHO. These antibodies expressed in CHO were characternized by 
broad-spectrum HI test with 14 H5N1 viruses in different clades, and the affinty 
contents were measued by Octet. The S4-134 is the best antibody which showed that 
HI titer to  DK/Human/1265/65、Shenzhen/406H/06 and CK/HK/Yu22/02 was 
four-fold to 37hAb and the HI titer to DK/Indonesia/MS/04 was eight-fold better than 
37hAb. The affinity contants of S4-134 was 2.79×10
-9
M about six-fold better than 
37hAb in affinty. 
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缩略词 (ABBREVIATION) 
AI:    Avian Influenza   禽流感 
AIV:   Avian Influenza Virus  禽流感病毒 
ADCC: Antibody dependent cell-mediated cytoto 抗体依赖性细胞毒效应 
BSA:  Bovine serum albumin 牛血清白蛋白 
cAb:   Chimeric antibody 嵌合抗体 
CDC:  Complementdependent cytotoxicity 补体依赖细胞毒效应 
CDR:  Complementarity Determining Region 抗原决定簇 
CH:   Constant Region of Heavy Chain  重链恒定区 
CL:    Constant Region of Light Chain  轻链恒定区 
ELISA: Enzyme-Linked ImmunoSorbant Assay  酶联免疫吸附测定 
FR:    Frame-work region 骨架区 
HA:   Hemagglutinin 血凝素 
HACA: Human Anti-Chimeric Antibodies 人抗嵌合抗体抗体 
HI:    Haemagglutination Inhibition Test  血凝抑制实验 
HPAIV: High pathogenic avian influenza virus  高致病性禽流感病毒 
IFA:   Indirect immunofluorescent assay  间接免疫荧光检测 
Ig:    Immunoglobulin 免疫球蛋白 
HRP:  Horseradish peroxidase 辣根过氧化物酶 
mAb:  Monoclonal antibody 单克隆抗体 
MAP:  Multiple antigen peptide  多抗原肽 
NA:   Neurominidase  神经氨酸酶 
RT-PCR:Reverse transcriptase PC 反转录PCR 
scFv:  Single-chain Fv fragment 单链抗体 
SPA：Small Protein A 小分子蛋白A 
WHO: World Health Organization  世界卫生组织 
VH:  Variable Region of Heavy Chain  重链可变区 
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图1-1 从1975年到2010年治疗性抗体的发展[12] 
Figure1-1 Development of Therapeutic Antibody from 1975 to 2010. 
1. *Approved by the United states Food and Drug Administration (FDA),  
2. The suffix of the international non-proprietary names for monoclonal antibodies denotes the 
antibody format: -omab, mouse IgG2 (4 approved products); -ximab, mouse–human chimeric 
IgG1 (5 approved products); -zumab, humanized IgG1 (14 approved products); -umab, human 
antibodies from phage display or transgenic mice (7 approved products); -cept, Fc-fusion 
protein (4 approved products); -stim, Fc-fusion peptide (1 approved product); -axomab, 
trifunctional (bispecific) mouse–rat hybrid (1 approved product).  
从图 1-1 可以发现 FDA 批准上市的 30 种治疗性抗体药物中，4 个是鼠源抗
体，5 个人-鼠嵌合抗体，14 个人源化抗体，7 个全人抗体，另外还有 4 个是与抗
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